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A spring-loaded apparatus was designed to apply 
uniaxial tension to forearm skin in 17 human subjects-
! 0 normals, 6 psoriatics, and 1 patient with sclero-
derma. Simultaneously, the effects of stretching on the 
upper dermal vasculature were observed stereomicro-
scopically. Progressive changes (collapse) in the super-
ficial microvasculature- vertical capillary loops and 
horizontal subpapillary plexus-with increasing ten-
sion were photographed. Force and strains were re-
corded at the points of disappearance of virtually all 
vessels. An average force of 11.9 newtons (N), accom-
panied by a mean strain of 10.3%, resulted in occlusion 
of all vessels. A much higher force (18.5 N) was neces-
sary to occlude blood flow in the 1 patient with sclero-
derma. . 
In summary, we have described a new techmque for 
the study of mechanical forces on the blood supply of the 
epidermis. The data have shown that uniaxial tension 
has important effects on the superficial der_mal micro-
vasculature, resulting in impedance and obliteration of 
blood flow at relatively low magnitudes. 
The blood supply of the skin consists of networks formed 
from vertically oriented arterioles and venules (1] . There are 3 
obviously recognizable plexuses: the hor_izonta_l sub?apillary 
plexus and t he individual plexuses supplym~ ~atr follicles and 
sweat glands. Epidermal vascular supply_ ongmates from ter-
minal arterioles arising from the superfictal honzontal plexus; 
t hese eventuate in arteriolar capillary loops su~plyi_ng the der-
mal papillae. These loops drain as venular cap!llanes 1~to t h_e 
p redominately venular subpapillary plex~s- _Mon~holog_tc van-
ations in this plexus correlate with vanatwns m eptdermal 
thickness [1,2). For example, thickened epidermis wi t h elon-
gated dermal papillae is associated with equally elon?ated cap-
illary loops . Similarly, thin epidermis may be supph~d almost 
en t irely by the underlying horizontal plexus wtth mmtmal or 
no v ertical capillary looping. 
The role of pressure in the compromise of cutaneous blood 
supply is widely accepted (3]. However, despite so~e experi-
mental work concerning pressure [3-5], the effects of mechan-
ical forces on epidermal blood supply as described above remain 
poorly understood. There has also been an appreciation that 
shearing force may have important effects on the cutaneous 
vasculature (6], but almost no work has been done on this 
subject. Evans and Siesennop [7] noted that uniaxial tension 
applied to s kin produced blanching at a point just under 250 g, 
as recorded by a phototra nsducer. Skin color (redness) returned 
to normal at approximately the same load with relaxation of 
stress. Bennett et al [8] designed a transducer in an effort to 
examine s imultaneously the effect of pressure and graded shea r 
on cutaneous blood f1ow. Pulsatile arteriolar blood f1ow was 
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recorded using a photoplethysmographic technique. In testing 
palmar skin in 4 normal individuals they found t hat although 
pressure was more effective than shear in reducing blood flow, 
the combination of the two was synergistic in reducing blood 
flow . For example, at high levels of shear (approx imately 100 
g/cm2 ) t hey found that the amount of pressure needed to 
obliterate the blood flow was essentially ha lf t hat required 
when little or no shear was applied. 
In order to better understand t he effects of mechanical forces 
on epiderma l blood supply, we have designed an apparatus 
capable of applying a graded shearing force along one axis while 
s imultaneously observing t he effects of t his shear on epidermal 
blood supply stereomicroscopically. We report here our findings 
in 17 huma n subjec ts. 
MATERIALS AND METHODS 
Seventeen subjects ranging in age from 18- 79 yea rs pa rtic ipated in 
the study: lO normals (7 females, 3 males), 18- 45 years old; 5 fema le 
psoriatics, 18- 38 years old; 1 elderly psoriatic, 79 years old; and 1 
female with scleroderma, 38 years old. The ante rior (ventral) aspect of 
the left forearm was used as the test site since it provided a relativelv 
llat surface of skin with minimal subcutaneous tissue. None of th~ 
psoriatics had active psoriasis involving this area of skin . The 1 patient 
with scle roderma displayed some induration at this site. Any current 
or previous systemic or topical treatment was recorded. · 
Test Apparatus and Procedure 
A specially designed, spring-loaded device was used for skin stretch-
ing (Fig 1 ). The rig consisted of 2 lever a rms attached at one end by a 
plate hinge. T he lever arms were manually separated in a contro lled 
manner by compression of a spring against one of the arms. The spring 
used had a calibrated spring rate of 4.34 newtons (N) per mm. At. the 
ends of the lever arms, 8- mm cylindrica l metal pads permi tted attach-
ment to the skin 's surface. It was possible to level independently both 
t he metal pads and t he rig itself with the forearm surface. A subject's 
forearm with the ventral surface facing upward was placed in a relaxed 
horizonta l position resting on a particle-filled bag that confo rmed to 
the shape of t he arm. The metal pads were applied to midforearm skin 
with an adhesive containing cyanoacrylate ester (Loctite Super Glue 
3). Most of the studies were accomplished with the metal pads oriented 
parallel (Fig 1) to Langer's lines (axially disposed in this area), although 
mechan ical properties perpendicular to Langer's lines were also briefl y 
studied. A surface grid was stenciled onto the skin with India ink in 
the area between t he pads (Fig 2). The grid consisted of an inner and 
outer pair of marks perpendicula r to the direction of force and a single 
pair parallel to the applied load. The grid was placed far enough away 
from the pads to preclude significant force concentration . 
Measurement of Force an.d Strain 
The skin markers, spring, and reference sca le were photographed in 
the relaxed state and thereafter at approximately 1.5 N inc~ements of 
spring compression. Photographs were taken about 30 s after each 
increase in force, a procedure generating data relatively unaffected by 
the viscoelastic properties of skin . The photographs taken bv the test 
were magnified and the negat ives projected onto a digitizi ng platten. 
The coordinates of the grid distances, spring distance, and reference 
scale for each negative were inputed to a microcomputer (380-Z Re-
search Machines). A computer program was developed which converted 
the subsequent distances in to force-strain data (both parallel and 
perpendicula r to the application of force) . Strain was defined as 
change in distance 
. . 
1 
d. x 100(%) between refe rence lines on the skin with 
ortgtna tstance 
application of tension. 
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Ft r. 1. Appa ra tus in position on subject 's forea rm . 
F't r. 2. Appa ratus in pl ace wit h grid stenciled onto test area of 
forea rm . 
Capillary M icroscopy 
Capilla ry microscopy was performed wi th a Zeiss ope rat in~ micro-
scope (OPM I-6). Photomicrograp hs were ta ken with a Zeiss Icon ca m-
era equipped with auto matic fl ash. To fac ili tate visua li zat ion of t he 
dermal vasculatu re, t he st ratum corneum was partia lly or completely 
removed with Scotch tape st rippi nf( (a pprox imately 20 st.rippings pe r 
patient ), pa ra ffin oil subsequently a pplied, a nd the vessels illuminated 
t hrough a green fi lter. Sat isfacto ry p hotom icrogra phs were obta ined 
wit h Kodak Pa natomic- X film at a magnification of approximate ly 
!35X. The effects of increasin g force on the superficia l dermal vessels-
the verti a l capillaries and that. portion of t.he subpapilla ry hori zont.a l 
plexus t hat ca n be visua lized with capilla ry microscopy- were observed 
cont in uously a nd photomicrographs ta ken a t points of significa nt 
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change: ( 1) at approximately 50%, a nd (2 ) greate r t han 95% obli te rat ion 
(collapse) of the vessels observed . 
The vasculatu re was a lso observed with progress ive red uct io n in 
fo rce to dete rmine whether t he effects were reve rsible. In addit ion t he 
f(, rce necessa ry to collapse virtua lly a ll vesse ls was main ta ined f!or a 
period of t ime (6 mi n ) in l insta nce to asce rta in whether t he e ffect was 
i ra nsient. 
The influence of t a pe- strippin ~ . i.e. , the pa rtial or compl ete removal 
of the s t ratum corneum , on t he mechani ca l properties of skin was a lso 
assessed in 3 subjec ts by measurin g force/stra in before a nd a fte r ta pe -
stripping. 
RESU LTS 
T yp ica l resul ts in the form of force-stra in curves demonstra -
ted nonlinea r behavior as illustrated in Fig 3. The curves were 
cha racteri zed by a low stiffness phase at low force levels after 
which a fairly linear section of higher stiffness ensued. These 
separate phases corresponded to the stra ightening and a lign -
ment followed by extension of the fibrous componen ts of t he 
skin. Fig 3 a lso demonstrates the anisotropy of skin t issues. 
The response of t he t issues was clearly dependent upon the 
orientation of the test specimen with respect to Langer's lines 
of the skin . The principal mechanical difference appeared as 
an increased deformation at low loads. 
The test procedure produced changes in stra in both pa rall el 
and perpendicular to the direction of t he applied load. The 
form of the two curves was different as illustrated in Fig 4. 
There appeared to be a force value at which the magnitudes of 
t he st ra ins in the two directions were equal. Above t his value 
approx imate ly 10 N , stra ins perpendicula r to t he axis of fore~ 
were greate r than those parallel to the load axis. This reduced 
resistance reflected both cross-compression of t he stretched 
fibers and involvement of t issues adjacent to the test a rea. 
ln 3 subjects studied, tape-stripping resulted in a slight 
reduction in forea rm stiffness. The differences were most 
marked at low force values wit h a maximum reduction of 15%. 
In all the subjects there was a gradual obliteration of vessels 
at random in the fi eld of view wit h application of increments 
of force. Both vert ically and hori zo ntally ori ented vessels dis-
appeared simultaneously, and continual refocusing confirmed 
that vessels were occluded rather than simply moving out of 
the plane of focus. An example of progressive vascula r compro-
mise wi th increasing degrees of tension in a normal subject is 
shown in t he series of photomicrographs in Fig 5. 
The forces and stra ins assoc iated with virtua lly complete 
(greater t han 95%) collapse of all vessels are listed in T able I. 
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F IG 4. Typica l force-stra in behavior of a nterior forea rm tissue in 
uniaxia l tension from a normal subject with st ra ins calculated in 2 
mutually pe rpendicula r direc t ions. 
Forces necessary for vascular occlusion in normals ranged from 
7.49-16.02 N with a mean of 10.63. T he strains were in the 
order of 10% for normals. Strains associated with t he inner 
reference marks (mean 10.5) were slightly greater t han t hose 
associated with the outer marks (mean 9.6). 
Forces necessary for vascular occlusion in the psoriatic group 
ranged from 9.65- 15.83 N with a mean of 12.53. Although these 
values were higher than those for normals, t his difference was 
not statistically significant at t he 5% level. The magnitude of 
strains, generally about 9-10%, was very similar to the normal 
group. The 1 subject with scleroderma (some induration of the 
fo rearm was present clinically) did require a considerably 
higher force to produce vascular collapse. However, the strains 
were not correspondingly high , suggesting an increased stiffness 
of skin in t he test area of this patient. 
Both progressive application and relaxation of tension re-
sulted in reproducible vascular collapse and subsequent return 
of blood f1ow, indicating reve rsibility of t he phenomenon. In 
addition, in 1 case, t he force necessary for vascular obliteration 
FIG 5. P rogress ive collapse of the superificial mic rovm~culatu.re of midforearm sk in in a normal subject , age 25 yea rs (X 36). A , Microvascular 
patte rn before applicat ion of uniaxia l tenston. B, Apphcatton of force resu lt mg in approximately 50% oblitPrat ion of vessels observed. C, Virtually 
complete collapse (10 N). 
Subjects 
Sex Age 
Normals 
F 18 
F 19 
F 19 
F 20 
F 22 
F 25 
M 26 
M 29 
M :31 
F 45 
Mean 
Pooriatics 
F 18 
F 18 
F 24 
F 25 
F 38 
F 79 
Mean 
Scleroderma 
F 36 
TABI, E I. Forces and strains associated with microvascular obliterat ion, as observed slereomicroscopica/ly 
Occlu.sion of ve.sse ls 
Force Parallel to load 
Newtons± SD Strain (% ) Strain( %) 
inn er marks outer marks 
7.85 7.6 6.4 
8. 14 6.7 6.5 
11.01 12.3 10.7 
10.63 7.8 8. 1 
7.49 5.9 5.9 
11.98 12.8 12.1 
11.03 13.6 11.0 
9.61 9.3 8.6 
12.53 1:3.7 12.4 
16.02 15.9 14.5 
10.63 ± 2.58 10.5 ± :3 .5 9.6 ± 2.9 
9.65 8. 1 8.4 
14 .04 11.8 12.1 
15.83 7.8 7.0 
12.22 12.2 11.0 
12.72 8.9 8.5 
10.73 8.6 7.7 
12.53 ± 2.23" 9.6 ± 1.9" 9.1 ± 1.9" 
18.54 12.9 9.7 
Perpendicula r 1.0 lond 
Strain (cl~ ) 
5.5 
7.9 
8.7 
9.5 
10.8 
11.7 
10.2 
11.0 
7.5 
10.6 
9.:3 ± 1.9 
6.3 
13.7 
6.5 
10.9 
7.3 
9.6 
9.0 ± 2.9" 
9.0 
Treatment if any 
Anthralin 
Anthralin 
Anth ra lin , top ica l s teroids 
Topical steroids, PUVA 
Topical ste roids, PUV A 
Topical steroids 
" No significa nt difference compared to normals, p > 0.05, determined by Student's t-test. 
514 BARNHILL, BADER, AND RYAN 
was maintained for a period of 6 min without any change in 
the microvascula r pattern observed. 
DISCUSSION 
T here has been speculation t hat shea ring force may compro-
mise cutaneous blood supply [6). However, except for t he work 
previously alluded to [7,8], almost no investigation has been 
done in th is area, and none has specifically examined t he effects 
of tension on epidermal blood supply. 
In the present work, we have developed a technique a ll owing 
us to observe t he immediate effects of graded uniaxia l tension 
on epidermal blood supply and , in addit ion, to document t he 
level of force needed to obli te rate t he superficia l dermal micro-
vascu lature observed stereomicroscopically. While we have 
found t hat the threshold of complete vascular obliteration is 
both stable and reproducible, our technique has not been sen-
sitive enough to establish whether t here is any difference in 
the level of fo rce necessary for papillary capillary vs subpapil-
lary plexus collapse. Nor has t he methodology a llowed anything 
but approx imatio ns as to the numbers of vessels collapsed, e.g., 
50%, 100%. Nonetheless, our resul ts have shown that a predom-
inately uniaxial tension may obliterate t he superficia l dermal 
microvasculature at relatively low levels of force. At t he same 
t ime, we have been able to analyze t he mechanical properties 
(fo rce-strain data) of t he sk in and the structural characteristics 
of t he vasculature (e.g., psoriatic vs normal skin) under study. 
However, it must be emphasized t hat t he primary aim of the 
study was the development of t his microscopic technique in 
conjunction with sk in stretching and not an exhaustive analysis 
of mechanical data. 
The results clearly revealed considerable variation in values 
for both fo rce and strain associated with microvascular obli t -
eration at t he single site under investigation . This was appa rent 
even within the normal group and reflects t he many physical 
variab les inherent in the measurement. These include the phys-
ical state of the underlying soft tissues (degree of musculature 
and obesity), dermal thick ness [9], and age of subject. The 
aging process includes biochemical changes, e.g., an increase in 
the number of nonreducible collagen cross-links [10], which 
would influence the mechanical properties of t he tissues. The 
investigation of pso riatic subjects would be furth er complicated 
by the effects of psoriasis and/or t reatments on the vasculature 
of the skin [1] . 
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In an effort to investigate t he nature of events producincr 
collapse, we demonstrated complete reversibility of t he occlu~ 
s ion with progressive application or relaxation of force. In 
addition, maintenance of force for a period of 6 min resulted in 
continued occlusion of vessels without cha nge . We concluded 
that co llapse resulted from a physical effect and was directly 
related to t he force applied . We saw no evidence of an exti nction 
phenomenon and were obviously aware of t he potential effects 
of stress relaxation [ 11). 
In conclusion , we feel t hat t hi s tec hnique may provide a great 
deal of information with rega rd to the effects of mechanical 
forces on epidermal blood supply and would ant icipate t he 
future invest igation of factors such as aging, anatomic s ite, 
various disease processes, and t herapies. 
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